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EXTRUSIOR CASTIRG OF STEEL IK SQVIET ZORE GERMARY -

' The customary method empiayed at present to turn molten steel into a form
vhich cen be rolled or forged is pouring it into cast-iron ingot molds. The
molten steel solidifies in the molds, while the well-known solidification pheno-
mena take place, which lead to the formation of Begregation zones and pipes.
The polidified ingots are stripped from the mold, go through & preliminary roll- :
ing process in a blooming mill trair, or are forged to size in forging presses . .
or hammers. If heavy plates are to be made, they are rolled directly from in-
got slebs cast in rectangular molds, without the use of a blooming mill train.
A similar process is used for tubes, some of which can be made from ingots. In
. the case of rimmed steel, the pipe formaiion does nct matter very greatly, be->-
. ’ cause the ingots will become compact inside at welding temperature, and the ori-
ginal pipe will not have any harmful effect. Only the overlapping parts at the
ends, vhich are formed during the rolling, have to be cut off. The yield, if
both this loss ard the loss due to scaling in the soaking furnace are congidered,
amounts to approximately 90%.

In the case of killad steels with a higher carbon content, or alloysd ateels,
- the situation is different. 1In these types of steel, the pipe does not shrink,
31{‘“3 and the ingot end with the pipe must be cut off. This will cause a loss of about
Y 20%, depending on the quality of the steel. By using the proper ingot molds which
heve an inverted conical shape, the pipe can be localized in the top, and the dun-
ger of the formation of a secondary pipe, which would occur otherwise, can be
avoided. in this mancer. These inverted conical molds are to be givea preference
for alloyed steels. OCur experiments with ail kinds of charges have shown that the
K most favorable ratio between the length of the ingot without the cap and its mean
d diameter is 3:1, witk & tcper of 7 to 8%. This shape has also proved to be prac-
: tical for forging ingots. It muut be borne in mind that this process necessitates
extensive casting pit operaticms, for which space, pouring gates, runner stones,
o, CTORES, and menpower are continuousiy needed, in addition to whi.h scaking ovens
Brand rolling mills to reduce the cross section of the ingot are required, (To
give an idea of the cost, it should te pointed out that a blooming installation -
alone costs 8 to 10 mllion marks). Furthermore, there iz a lose of materisl,

. Gue to the necespity of removirg ithe ingot ends, so that the costs of the semi- -
finished product are increased.
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It is therefore natural that attempts have veen made for the past 50 years
to solve the problem of direct casting into semifinished products {extrusion
" casting). “The difficulties inpvolved in the extrusion casting of steel are
mainly working with such large quentities, and perhaps en inadequate knowledge
of the individusl thermal processes which take place, It must elso be taken
into account that metallurgists are afraid to experiment, especially since the
extensive electrification and mechanization of the existing plants have cut the
P : overhead considerably. It is therefore not surprising that extrusion casting
- i first gained a foothold in the light metels industry, which has only recently
3 : become highly developed. I know of two extrusion casting processes in the
light metals industry, used in Germeny. The Tirst is the V1Y process (developed
by the Yereinigte Leichtmetallverke Hapnover), the second is the Junghans pro-
cess &f the Schorndor{ plant near Stuttgart.

3 In the VLW process, the metal is poured into a furpace which keeps it at

k g constant temperature. From thig furnace the metal flows through & water-cooled’

: ring of a height of 100 mm onto a plate which moves in 2 vertical direction.
The dismeter of the ring hag the desired cross section., The ring is fastened
in a vessel Lo the upper edge of a water vat., The bottom of the vegsel touches
the water level of the vat. Vhen casting 1s begun, & plate attached to & b&r
is pushed up to the underside of the rimg and closes it, 8o that the metal can
11l only the free volume of the ring. As soon &8 the metel starts solidifying
along the edges, the plate is slowly lowered. The wetal thus is surrounded by
wnter and continues %o solidify. At the same time, new metal continues to pour
into the ring and the process goes on until the plate resis on the bottom of the
vat. At that point, the process 1is interrupted, and the ingot is pulled out.
Then the entire operation is repeated.

In the Junghans process, the metal is poured into a water-cooled copper
inget wold which is about 3CC mm high. This mold can be moved vertically, in order
to reduce 2 relative effect (Relativ-Wirkung) along the walls of the moid to a
minimum. This 4s carried out by slowly moving the mold downward for about 20
to 30 mm, snd “hen rapidly moving it upward egein. When the pouring starts,
the mold is closed from the bottom by & metal plate fastened to a vertical
wooden bar. Thne plate is lowered gredually, after the outside of the ingot has
started to solidify. A few wreters directly underneath the mold, there is &
pair of rollers whose rotation is coordinated precisely with the rate of flow
of the wetal into the mold. As scon as the jover end of the rolidified metal
has gore between the rollers, the process gees On continuonsly. Underneath the
rcllers, the rods or slabs sre cut 0 the required length by matal saws or cut-
ting torches and are carried off on a horizontal roller conveyer. The pouring
rate in this process 1s a function of the cooling rate in the ingot mold.

Boch processes have been used tc cast thousands of tons of nonferrous met-
als, arnd have become indispensasbie to the industry. The great success of the
extrucion casting method in the light metals industry has sroused the interest
of the steel industry, and the Junghans method has ied to successful production
in this field also. Simultaneously with the experiments carried out at the
Junghans vorks at Schorndorf, B, Krainer and B. Tarmann at Kapferberg worked
on the theory of extrusion casting and made a detailed repert om it (Stahl vnd

) Eisen, 1549, p 13). I have taken B few theoretical data from this work. Table
. 1 7not included in original document, shows the values of thermal conductivity
g A, temperature conductivity &« , density (specifin gravity), specific heat c,

melting point Jg, the heat of fusion yge and the hea® ccatent of steel, copper,
aluminum, and brass.

A comparison with copper shows that the tbermal conductivity of steel at
1,200CC is only about oxne-tenth, and the temperature conductivity only ebout
one-firteenth thet of copper. The heat of fusion, per cubic centimeter, is
approximately the same for steel and for copper. The great difference bztween
the thermsl and the temperature conductivities of steel and copper shows that
the solidification processes of these two substances must take quite different
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courses., The neat emission from the extruded metsl, in the case of steel, 1is
definitely affected by tre. heat. conduclivity after solidificatior of the shell.
This low heat and temperature conductivity mekes casting by the extrusion pro-
cess of very lerge croge sections extremely difTicult, since the heat can be
aissipated only in A radial direction. For that reason, slab ingots, sheet
bars, billets, and tubes will be moré guitable for extrusion casting tnan thick

regular ingots. ,

. In the experiments of ¥rainer and Termann, wostly 80- and 90-mm round bil-
" lets weie cast. At a pouring rate of 23 kg per miz and a lowering speed »f
0.6 m per min, 280 1of -~ooling water per mirute vere warmed from 10° C to 17° C.
3 This correspeonds to an emitted heat quantity of about 2,000 kg-cel per min, or
3 87 xg-cel per kg of steel poured. This latter quantity 1is low, and indicates’
] that only relatively small amounts of heat have to be removed in ghe extrusion
casting oF steel., The casting / >mperature of the steel Wab 1,510" C. If the
heat of fusion of the steel of &5 kg-cal per kg is considered, 20-25 kg-cal per
} kg remsin for cooling the gteel. Basing the calculation on & specific heat of
1 ateel of 0.6 - 0.18 kg-cal per kg and © ¢, this corresponds to 2 cooling of
) abtout 1£5° C below the melting point. The quantity of heat removed 15 approxi-
] mately the same ror 1) types of steel. A calculation of the ingot mold will
tnerefore have to e based on 8 heat of about 100 kg-cal per kg of steel, Pro-
vided the molds are of similar size. The output in this case was (figure 11-
legible) tons per nour. As the externsl gurface of the mold was 0.08 sg m, the 4
“neat transfer on the mold wall 1s 1.5 x 10 kg-cal per sq m Per hour. With the 3
aid of the temperature curve, the heat transfer from water %o moid wall is cal-
culated as 22,000 kg-cal per sq W per hr pexr O ¢, From the temperature curve: !
on the cuter well of the mold the best flow through the wall of the mold can be
determined by means of this figure for heat transfer, and from that, in turn,
the temperature of the interior of the wall of the mold car be computed.

The conditione which must be met in order to obtain the lowest possible
R temperature of the interior of the mold wall are thus established. The amount
C of cooling water, if token as five to ten times the quantity of steel preduced,
is not of importence, pecause 1t wayrms up only moderately. However, the rela-
tive speed between conling water snd mold wall is of great jmportance; this
must be taken into consideration slso in nlast furnace casting, where the flow
of cooling water is often 100 low, so thal steam bubbles form and the molds
burr. through. _Figure /number of figure omitted - figure not included in ori-
ginal documen_f;] shows the effect of the rate of flow of the cooling water Ou
the neat trunsfgr. The curves 8re pased on the formula by A. Schack:’
A= 2900 X w9 (2 0.0k tgy) j_’gi_cj. This figure clearly shovs that rate
of flow is the chief criterion. It slso indicates that the effect of the water
#  temperature 15 unimportant, because a small increase of the water temperature
15 compensated by the increase of the heat transfer which tekes plece ag & con-
sequence of the temperature {ncrease. Water s1ow rates must be used which will
yield hent transfer numbers of at least 20,000. Measures along that line must
ve taken in the construction of the mold, to ensure sufficiently high water flov
rales.

Special attention must be paid to the manner in which these high rates are
to te ettained. increase of the quantity of water flowing will, of cource, -
incresse the rate of flow, but it involves higher expenses. The use of turbu-
lent flow is of advantage, but in this case, cere must ts taken to keep the
pressure losses from becoming too high. The water copdvits must be arranged in
- guch a manrer that a uniform cooling effect will be exerted over the entire sur-
face of the mold. Tt is also necessary to use sufficiently pure water, 50 &8
not to interfere with the heat tranafer. Formation c¢f scale due to the use of
water which had not neen softened (water hardness 17°) ras pot been observed.

Figure /nugber not given - figure not included in original document/ shovs

the effect of the mold material and the thickness of the mold wall on heat trans-
rer, It shows that the effect of the wall thickness 18 of secondary importance
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in the case of copper, due tc the bigh thermal conductivity, However, in the
_coge of brass, and especially in the case of steel, the effect of the wall

thickness is conmiderable. Unlese ihe heatl transfer is to be raduced too

much, with the conseguence of excessively high temperailures al the interior

of the mold wall, the walls for brass and steel should not e more than aboui’’

3 mm thick. Since the interior of the mold has to have a very high-grade sur-

2aze, brass is recommended &5 & particulsrly suitable material.

The hest transfer between mold vall and casting deserves particular at-
tention, It could be computed easily from the pouring end of the mold, and
4 wes found %o be 1,500 kg-cal per sq m per hr per © ¢, In comparison to the
: value given by W, Lueg, this seems gquite low, but it becomes reagonable when
it is consideved that & Very thim skin forms almost immedistely. During fur- i
ther cooling cf the casting, the heat transfer value at first remsins constant, k
] but erter about half a minute it drops to legs thar 1,000 kg-cal per aq m per
' hr per © C. This drop is due to the fact that the steel decreases in volume
i because of the drop in temperature and & gap is formed between the steel and
the mold wall. If an attempt is made to compute the heat transfer for this
gap, it turns out to be & multiple of the heat transfer due to radiation. To
this is added the thermal corductivity of the gas which fills the gap.

I ghould like to refer my readers to the mathematical treatment of the
cooling and solidification phenomena of liquid metal, by Carl Schwarz of :
Duisburg-Hemborn, im Archiv frer das Eisenhuettenwesen, 1931, p 177 . With .
3 - : .~ . the given gap widths, Which smount oniy to a Tew tenths of a millimeter, the -
B high heat transfer due to thermal coniuctivity can be explained only if it is
assumed that about hali of the gas which fills the gap consists of hydrogen.
The presence of hydrogen =eems entirely reascnable, since water vapor, at the
high temperatures preveiling, will heeak down into hydrogen on the metal sur-
face and will accumulate in the gap. On the basis of the data now avaiiable,
E Krainer erd Tarmenn were able to determine the solidification phencmena and
the temperaturs distribution in the casting by means of the difference method.

Figure [Eumber not given - figure not inciuded 1n‘orig1BaL530cumen£7 shows
the curve of temperature on the surface of the castlngJ,;ﬂpdrgreat increase in
temperature on the surface of the extruded metal .. ter it has left the mold
shows the great ceoling effect inzide the mold. The lov surface temperatures
when the extruded zetal leaves the mold are due to the extvemely poor thermal
conductivity of the steel, and the calculation leads to the conclusion that
the interior of the casting is still liquid at that moment. Figure Zﬁumber
not given - figure not included in original documeu§7 shows the solidification
vithin and outside the mold, and Figure [Eumber not given - figure not included .
{n original documen£7 shows the same conditions true to scale. ¥ral. .r and Tar-
mann carried out additicnal experiments, especially with molds 1090 to 1400 mm
lorg, with a casting diameter of 80 mm, operating with casting rates of 1.2 to
2 = per min, It turned out that the optimal casting rate for molds of this slze
is abour 1.5 m per min, corresponding tc an output of about 60 kg per min of
casting. At that casting rate, the surface of the casting seems to be improved,
; tut only under rertain conditioms which still have to bpe definitely determined
M by experiment. The extrusion casting process is not as sensitive to maintaining
theoretically exact pouring temperatures as the stationary casting process. The
rea nn for thic is that a change of the pouring temperature of 30° C means a
change of the thermal content of the steel of sbout 5 kg-cal, which corresponds
to about 5% of the quantity of heat to be removed in the mold. This fact is of
great technological importance, siunce it is now possible to dispanse with the
furnace which keeps the molten steel at & constant temperatire. As long as the
installation is built in such & way, & 6-ton melt can be cast in about 20 minutes
and a4 10-ton melt in about 39 minutes,

Tre installation st the Junghans plant at Schorndorf can cast 6 tone per
Lour, using slab cross sections of about 100 &g funit of measure not given/ and
could increase this output if the cross section were increased. Junghans has
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‘Juring the inspection
of, his installation ufh Schorndorf, currizd out by Dr Beake of Veata and my-
gelr, "Junghans {old -ud-that pecording to his experiences, up to the present,
steel casting was eagier than cesting copper, brass, Zinc, or light metal.
hccording to him, the main difficulty in steel lies in the difficulty of pour-
ing & constant amount of steel per unit of time iunto the mold at the high tem-
peratiires of molten steel. However, he stated that he had already solved that
problem, too. Ime billets made in his plant vy the extrusion casiing process
were rolled at the Nuremberg ironworks. Dr Stich, chlef of the rolling de-
partment of that plant, who used Lo be an employee of mine and who is & very
relinble and cbjlective expert, confirmed that these billlets are easier to roll
thom the bloomed ingots he recelves from the Gute-Hoffrnungs-Huette. Billets
which we inspected made by the extrueinn casting process did shov a scaled sur-
face; however, in my opinion, spraying with powerful streams of water immedi
ately efter the casting hag lef't the mold, would do away with this and prevent

rescaling.

aven succeeded in producing 300~mr rounds and slabs.

used by Krainer and Tarmann, Jurghans. useg

short molds, about 300 mm high, moving them steadily Zowmward for about 20 to
30 mm, so that the steel does not carry out eny motion relative to the mold
during its solidification. After the motion of 20 to 30 mm, the mnlds are rap-
idly moved back up. This motion constantly destroys the gas layer which forms
between the metel knd the mcid. This laysr has &n ipgulating effect which pre-
vents the desired guick solidification, Junghuns makes the molten steel by
prebloving of cupola-furnace pig iron in & Bescemer converter. In all his ex-
periments, he has thersby obtained o eilicon content of at least C.OT to 0.15%
and sometimee higher. The steel iz thus semikilled., It remains to he szen
vhether the good resuits obtained up to maw cen also be cbtained in the cast-
ing of rimmed Thomas of open-hearth steel, since in that case, the solldifica-
tiecn process is accompanied by a gas formation which 4id net occur in Junghansg '
experiments. However, it can be stated that electric-src or open-hearth steels
vith higher corben or alloy content cun be cast by the extrusion process with-
out difficulty. The cross sectiois of the cast billets were all uniform and
showed practically no difference in chemical composition at the edge and et the
This seems entirely reasonsble, since in Junghans' experience, thin
sectione are mere uniform and buve less segregation than when made by the

stuticnory casting method.

In contrast te the arrangemeni

The experiences gzained in the Junghans process therefore allow us to con-
~lude that thle process permits tnhe production of billets and slabs, and ¢f

1wbe cross secticns for piercing mede of killed steels, with uniform compos i-
:i{on over Lhe entlre cross section, which can pe placed on {inishing-mill trains
without having to be bioomed, and with the saving of the consideresble cost due

to the neceesity in the customery process of cutting orf the ends of the ingots.
This process Will effect a saving, especielly in the production of high-grade
steel. 1In tuis case, it should Ye puinted out that the extrusion casting method,
centrary o the custorary totiom olate cnsting method, will eliminate tne possi-
the form of parts or spout and runner stones getting

bility of impurities in ih
ints the cast, To achieve the cutput which is required in steel production, it
This will hardly

will be neceszary to cast several extrusions simultaneously.
mean & conmsidéerable increase in expense, 8B the costs even of a multiple extru-
siocn casting installation will be only & fractior of the cost of a heavy olocming-

mill train.

Poth from & metallurgical end from a technciogical point of view, the Jung-
hans extrusion casting process can today be considered a8 ready for large-scale
application. Operating wit* lacge quantities will gtill cause Aifficulties, espa-
cizlly the uniform setting of the pouring rate if 3everal extrusions are bveing
cast simultaneously. This le 6tiil & preblem for the designers and especlially
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: for the electrical engineers, However, the problem does not seem to be suluble
. end will probably be solved in & shorter time than it took to attain the present-
5 day state of development in metsllurgical technology. ;
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